Acute pancreatitis (AP) is an inflammatory condition of the pancreas mostly due to alcohol or gallstones. Various scoring systems were involved in identifying the severity of the disease. The standard single score to identifying the severity remains uncertain.
Results
A total of 164 patients were included in this study. CT abdomen showed a modified CT severity index (MCSI) ≥8 in all 69 (100%) patients. APACHE II score could predict SAP based on CT findings in 44 patients (63.76%), BISAP score in 22 patients (31.88%), MGS in 55 patients (79.71%), Ranson score at admission in 31 patients (44.92%), Ranson score 48 hours after admission in 44 patients (63.76%), and procalcitonin on admission in 69 patients (100%) when cut-off used as per the literature. APACHE II score could predict SAP in cases of AP (n=164) in 52 patients (50%), BISAP score in 27 patients (26%), MGS in 79 patients (76%), Ranson score at admission in 34 patients (33%), and Ranson score 48 hours after admission in 61 (59%) patients when cut-off was used as per the literature. This study demonstrated that Ranson score on admission had a good area under the curve (AUC). AUC (0.8483), APACHE II (AUC 0.7708), and Ranson score 48 hours after admission (AUC 0.8167) had a fair accuracy. BISAP (AUC 0.6399) and MGS (AUC 0.6486) had poor accuracy for the prediction of severity in AP based on receiver operator characteristic (ROC) curves. 1 1 1
Introduction
Acute pancreatitis (AP) is a sudden inflammation of the pancreas, which is characterized by the activation of pancreatic enzymes to cause self-digestion of the pancreas. It is an acute inflammatory process presenting as a mild discomfort with local inflammation to severe disease with multi-organ failure. It has a mortality of approximately 1% among all AP but so high as 20% to 30% among those with severe acute pancreatitis (SAP), which is a process of acute inflammation of the pancreas with the involvement of regional tissues or organ systems [1] . AP is a common clinical condition, yet no prevalence data are not available from India. Only incidence is available from tertiary centers 55 patients per year [1] . The incidence of AP has been reported to be higher in the USA, Finland, and Scotland (49.3, 46.6, and 41.9 per 100,000 population, respectively) [2] .
Gallstones and alcohol are the most common causes of AP in India [3] . Other causes are hypercalcemia, drug-induced pancreatitis, and dyslipidemia. Smoking also has been found to be a cause in 30% of the patients which also carries higher mortality (20%) [4] . A study from Sweden invited for a health questionnaire, which found smoking was associated with AP with a relative risk of 3.57 among those who had no history of alcohol consumption [5] . There are several indices in use to evaluate pancreatitis patients. Therefore, an attempt has been made to identify which scoring system predicts the severity in AP in this study. Secondarily, it aimed to assess the correlation between procalcitonin level and severity of AP.
Materials And Methods
This prospective observational study was carried out for two years in a tertiary care center from South India. Patients who presented with acute abdomen were examined, and in suspected cases of pancreatitis, serum amylase along with ultrasonography of the abdomen was done. The diagnosis of AP was made based on the Atlanta criteria, and a total of 164 patients were included. Informed consent was obtained from all participants, and this study was approved by the Institute Ethics Committee. All patients with chronic pancreatitis and those who were treated outside before presenting to the emergency were excluded from the study.
Various clinical and biochemical parameters were studied on admission and 48 hours after admission. Data were collected regarding demographics, detailed history, and physical examination, including complete hemogram, liver function test, and procalcitonin levels. Procalcitonin value of 0.5 ng/mL was accounted as the cut-off value for identifying the severity of AP as per the literature.
Patients were managed as per the standard institute guidelines. Patients who improved within 72 hours were labeled mild AP. If symptoms persisted after 72 hours, or no clinical improvement was there, contrast-enhanced computed tomography (CT) of the abdomen was done for those without organ failure. CT findings were graded as per the modified CT severity index (MCSI). CT findings and/or evidence of organ failure were taken as the gold standard for diagnosing severity using the Atlanta criteria, and it was used to compare four scores. All patients were assessed for acute physiology and chronic health evaluation (APACHE) II score, bedside index for severity in AP (BISAP), modified Glasgow score (MGS), and Ranson score on the first 24 hours and 48 hours after to it. Patients were followed up until discharge or death.
Statistical analysis
OpenEpi statistical software was used to analyze the data, and the receiver operator characteristic (ROC) curve was plotted with all the scores and procalcitonin using the data generated. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy of all four scores for predicting CT diagnosed severity, organ failure, clinical severity, and mortality were compared. 
Results

Etiology of pancreatitis
Alcohol was found to be a significant cause of AP, and it was found in 115 (70.1%) patients ( Table 1) . 
Etiology
No of patients (n=164)
Comparison of scoring systems for prediction of severity in CT documented SAP patients
Among the scoring systems, MGS had the highest sensitivity to predict severity as per CT findings. Ranson score at admission had the highest specificity and PPV. APACHE II and MGS had the highest diagnostic accuracy. Procalcitonin had the highest sensitivity, specificity, PPV, and diagnostic accuracy for CT documented severity ( Table 3) . 
ROC curves plotted using the data for four scores and procalcitonin
On the basis of the highest sensitivity and specificity values generated from the ROC curves, the following cut-offs were selected for further analysis: Ranson ≥2, Glasgow ≥3, BISAP ≥2, APACHE II ≥6, and procalcitonin ≥1.5 ng/mL. Ranson score on admission had the highest area under the curve (AUC) based on the ROC curve to predict SAP among the four scoring systems (Figure 1 ).
FIGURE 1: ROC curves four scores and procalcitonin in study patients
ROC: receiver operator characteristic; score 1: acute physiology and chronic health evaluation II; score 2: bedside index for the severity in acute pancreatitis; score 3: modified Glasgow score; score 4a: Ranson score at admission; score 4b: Ranson score 48 hours after admission.
Comparison of scoring systems in SAP patients with cut-off points generated by ROC curves
When a cut-off for APACHE II ≥8 was used as per the literature, it could predict severity in 69 (66.3%) patients, whereas when the cut-off was improved to ≥6 based on the ROC curve from this study, we could predict severity in 85 (81.7%) AP patients ( 
Mortality among AP patients predicted by various scores
APACHE II score was associated with mortality in SAP in 12 (63.15%) patients when a cut-off ≥8 was used as per the literature, but when the cut-off was improved to ≥10 based on the ROC curve from this study, the association was in eight (42.1%) patients ( Table 7) . During follow-up, scores and procalcitonin during the first admission in AP did not have much bearing in the prediction of chronicity.
Discussion
AP is an inflammatory condition of the pancreas and may have a variable severity. Most of the patients have mild disease with minimal morbidity, and the rest of the patients have 10%-20% of mortality in SAP [6] . In this study based on MCSI, there were 69 (42%) SAP patients who are similar to Bezmarevic et al. study [7] . Cho et al. in their study of 161 AP patients reported that 52 patients with SAP had APACHE II score ≥8 similar to this study [8] . Khanna et al. reported higher sensitivity, specificity, and diagnostic accuracy for APACHE II score ≥8 for predicting severity [9] . Similar to this study, they reported that the APACHE II score had the best AUC for association with mortality [9] .
Similar to this study, Cho et al. in their study reported that BISAP score ≥3 predicted SAP and increased mortality [8] . In their study, they reported that patients with BISAP score ≥3 had 76.1 more times a chance to develop SAP and 121.7 times associated with mortality [9] . Five SAP patients with organ failure had BISAP score ≥3, similar to this study [10] . Khanna et al. reported that BISAP scores ≥3 had higher sensitivity (74%) but less specificity (68%) than this study [9] . Park et al. concluded that the BISAP score of 2 was significant statistically for predicting SAP, organ failure, and mortality [11] . AUC for BISAP for predicting severity in AP was 0.8, and for mortality, it was 0.86 [11] . AUC for Ranson score predicting the severity of AP was 0.74 and for mortality 0.74 [11] . In contrast to this study, the BISAP score had better accuracy for SAP.
Similar to this study, Khanna et al. reported that the MGS had diagnostic accuracy was 75% for predicting SAP [9] . Khanna et al. also reported that the Ranson score had better AUC for predicting severity [9] . Papachristou et al. reported that Ranson score had better AUC for predicting severity (0.94) and mortality (0.95), in comparison to this study [12] . Cho et al. in their study found that AUC for Ranson score for predicting severity in AP was 0.804 (0.717-0.892) with a sensitivity of 81.8%, specificity of 59.1%, and PPV of 76.9% and for association with mortality 0.861 (0.734-0.988) with sensitivity of 87.5%, specificity of 57.2%, and PPV of 5.3% [8] . Three SAP patients with organ failure had Ranson score ≥3 on admission and 17 patients had Ranson score ≥3 after 48 hours of admission, in comparison to our study [10] . Simoes et al. reported that the Ranson score had a higher sensitivity of 91.2% in predicting severity, but had lesser specificity compared to this study [13] . Kim et al. reported that the Ranson score had the highest accuracy based on AUC [14] . Woo et al. reported that 3.29 ng/mL had better accuracy for predicting severity [15] . Khanna et al. reported that procalcitonin had an AUC of 0.88 for predicting severity [9] .
The limitations of this study results were the use of the original Atlanta classification in place of the revised Atlanta classification, and procalcitonin was measured only once on the day of admission. Sensitivity and specificity were done using the Wilson method using OpenEpi online calculator.
Conclusions
MGS had the highest sensitivity for predicting the severity of AP. However, Ranson score at admission had better diagnostic accuracy for predicting severity, organ failure, and mortality based on ROC curves. Procalcitonin had the best sensitivity, specificity, PPV, NPV, and diagnostic accuracy for association with severity in AP. BISAP score may be calculated within 24 hours of admission, but APACHE II and MGS had better diagnostic accuracy. Ranson score at admission is the best one for prediction of severity in AP among the four scores. APACHE II score is the best one for association with mortality in SAP patients. Procalcitonin on admission had the best sensitivity, specificity, PPV, and diagnostic accuracy for predicting severity in AP, organ failure, and mortality.
Additional Information Disclosures
Human subjects: Consent was obtained by all participants in this study. Institute Ethics Committee (Human studies) Reg.No ECR/342/Inst/PY/2013 issued approval JIP/IEC/SC/2014/8/654. Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have declared that no financial support was received from any organization for the submitted work. Financial relationships: All authors have declared that they have no financial relationships at present or within the previous three years with any organizations that might have an interest in the submitted work. Other relationships: All authors have declared that there are no other relationships or activities that could appear to have influenced the submitted work.
